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(54) Speech and data communica- 
tion network 

(57) The network comprises a two- 
wire bus (coaxial cable 10) and a 
source of synchronizing pulses con- 
nected to the bus for marking off 
TDM cycles of about 1 25/is dura- 
tion comprising a control slot and 8 
links, i.e. pairs of time slots. The 
bus links devices, each comprising 
a microprocessor 30, TDM interface 
32, bus interface 33 and audio 
circuits 34. To set up a call the 
calling microprocessor finds a non- 
busy link and addresses in the con- 
trol slot the called device which 
acknowledges. The TDM interface 
of the called device transmits pulses 
in one slot of the selected link while 
the TDM interface of the calling 
device transmits pulses in the other 
slot of the selected link. The bus 
interface effects pulse width modu- 



lation and demodulation of the 
pulses for full duplex speech trans- 
mission. The microprocessor also 
sends and receives digital data by 
the omission of pulses representing 
0 bits. The data is formatted in 
8-bit bytes framed by single 0 start 
and stop bits separated by guard 
bits, so that the longest possible 
interruption to speech transmission 
is 10 TDM cycles, i.e. about 1ms. 
This is short enough to allow simul- 
taneous transmission of speech of ? 
reasonable quality and low rate di- 
gital data (e.g. from a keypad). 
High rate data, e.g. 4800 baud can 
be transmitted in full duplex with 
worse degradation of speech which 
is not however likely to be required 
simultaneously with high rate data 
transmission. 



Fig A 



32 
i— 



TDM 
INTERFACE 



MPU 



.30 



KEYPAD 
DISPLAYS 



to 

/ 



BUS 
INTERFACE} 

— r~ 

33 



AUDIO 
PROCESSING 

~7T~ 



The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Speech and data communication network 

5 The present invention relates to a speech and 
• data communication network particularly 
suited or use in an office where an intercom 
telephone facility is required and where digital 
' data also has to be transmitted between data 
10 processing or word processing units, for ex- 
ample Very many suitable communication 
networks have been proposed falling into two 
classes; those which employ a central ex- 
change and those which employ distributed 
15 control. The latter type of network is attractive 
for smaller networks which can be installed 
and extended without the high costs associ- 
ated with a central exchange. The object of _ 
the present invention is to provide a network 
20 of the distributed type which allows both 
speed and digital data to be transmitted and 
avoids the need to wire an office separately 
for intercom and data transmission. 

According to the present invention, there is 
25 provided a speech and data communication 
network comprising a two-wire bus a source 
of synchronizing pulses connected to the bus, 
the pulses marking off TDM cycles comprising 
interleaved time slots, including a control time 
30 slot and a plurality of working time slots, a 
plurality of devices connected to the bus and 
each including a microprocessor capable ot 
feeding control data pulses into the control 
time slot, and of responding to data pulses in 
35 the control time slot, to establish a channel 
between a calling device and a called device 
by selecting a free working time slot, a bus 
interface enabled to transmit or receive a 
sampled audio signal in the form of analogue 
40 modulated pulses in a selected time slot and 
wherein the microprocessor is arranged to 
transmit digital message data by binary modu- 
lation of pulses in a selected time slot and to 
receive digital message data as binary modu- 
45 lated pulses in a selected time slot. 

The analogue modulation of pulses may be 
amplitude modulation but is preferably pulse 
width modulation (PWM). Binary modulation 
means the normal representation of binary 
50 data in accordance with the presence and 
. absence of pulses. One advantage of the 
invention is that it is possible to transm.t 
speech and digital data simultaneously. Ran- 
domly distributed O's (missing pulses) will not 
55 prevent reconstruction of a clear speech signal 
bv conventional filtering at such a sampling 
rate. If there is a high proportion of 0 s and, 
in particular, groups of consecutive 0 s. the 
speech may be degraded by distortion 
60 In the invention as defined above, the de- 
vices are capable of all of the following func- 

t,0 1 S Sending control data (to set up a call) 
2. Responding to control data (to become a 
65 called device) 



3. Transmitting speech 

4. Receiving speech 

5. Transmitting digital message data 
6 Receiving digital message data. 

70 It is obvious that devices may be included 
which do not possess all facilities For exam- 
ple, there may be pure intercom devices lack- 
ing facilities 5 and 6. Similarly, devices may 
possess external facilities, e.g. a tie-lme inter- 

75 face.^ ^ wjre bus is pre f era bly a coaxial 
cable. The bus can have branches if bus 
couplers are provided at the nodes. The bus 
preferably carries the DC power supply to all 
80 devices. For convenience the DC power sup- 
ply unit can be in the same unit as the clock 
pulse source. The clock source preferably also 
injects a high frequency signal at a low level 
on to the bus and the said devices recover 
85 this signal which is used to injection lock the 
local crystal frequency references to a com- 
mon f luency in order to prevent jrtter no.se 
when sending audio information. 
The message time slots are 9™*?™°* 
90 grouped in pairs, each of which will be called 
a link. When a channel is established a free 
link is found and the two time slots of a I nk 
are assigned to transmission from the calling 
device and from the called device respec- 
95 tively. Each microprocessor can be pro- 
grammed to find a free link by testing links 
found with no pulses in a Pr«deter m med 
number of TDM cycles. In the embodiment to 
be described data is transmitted as 8-brt 
1 00 bytes framed by single 0-brts with guard 
groups of 1 -bits between the end bit of one 
SamS and the start bit of the next frame^ An 
occupied link can therefore never have more 
than ten consecutive 0-bits and a free link .m 
105 recognized when there are no pulses in eleven 

TD 0 M ncea' free link has been found, the , calling 
device checks that the control time a °t is free 
(no pulses detected in 100 TDM cycles) and 
1 1 0 ihensets up the call by addressing ^the called 
device with identification of the link to be 

^he^invention will be described in more 
detail, by way of example, with reference to 
1 1 5 the accompanying drawings, in which: 

Figure 1 is a block diagram of a complete 
communication network; . 
Figure 2 is a diagram illustrating the format 

of a TDM cycle; 
1 20 Figure 3 is a block diagram of a power 

-SSL'S ft 3S£ .< - 

1 25 circuit of one device; 

Figure 6 is a circuit diagram of a PWM 

^FigurTi? shows waveforms relating to the 
operation of the modulator; 
1 30 Figure 8 is a circuit diagram of a PWM 



de w™*™* waveformS re,atl " 9 t0 ^ 

Sffure 12 shows audio circuits in block 
f0r F T fl 1 shows a coaxial cable 10 forming a 

sscssawjg-- 

™ SS i 2 1 but it superimposed upon the high 

has a width of 32 clock ff^^-_J^Jf" 

AO Cuency) of 8 W which is > «gft» 
with CODEC and other common Ptw voice 

^T^oowe'r supply and clock unit (Fig. 3) 

t me slot frequency. The counter 22 and fig 
flop 23 have outputs connected to a gate 24 

55 which effects reset at a count f^ffff 
the TDM cycle is established. A decoder « 
decodes part of the cycle of the counter 20 
21 to establish the sync pulse width of 1 6 X 
n Villus = 3 6 its and a gate 26 decodes 
0.225 /^s ° u »~ 00 oo ant i nasses the 

60 count 1 to the counter 22,2J8MP«" 
svnc pulse only in the sync time slot. 

^Th^ow level 4 443 MHz waveform is 
65 power supply during each sync pulse. 



The devices 12 will take various forms. e.g. 
anv of tne well known periperals such as VDU 
finals orinters. memory devices and so 
terminals. which may have its associated 

unK 34. The micrprocessot 30 » 

jsa sss jo-is ss-s. 

1 00 communicates »rth the ™« ~™J™ T)tl = 
_ buffered UHE tor input of pulse* TO^ 

and comprising a regulator |'° g from 
orated circuit) extracts V D0 = + * 

1 1 6 e. « fUSSSt concerned TB hj . 

1 20 called device transmits in the first sioi, a 

125 far as reception is ~"Xs ; s R X E only from 
130 ^Fig. 6 shows the PWM modulator, based 



5 where »s mo h w ri t t u e two sides 

. analogue input Wy^^S holds 
of a comparator J 3 for 
the emitter "gl^l^'pea* at the 
turning on rcl *w l r '£„I_l tvE is | ow and 

20 1^^^^ Ms 



25 



2\ V 00 ) 



Dr ic thp effective time constant for 
where RC is the e" 6 ™ ,„ 
discharge of CO « > the mo ^ ^ 

transistor arrays se | e cted by th 

Referring to Fig. 8. pulse s _se ^ 
TDM interface, are applied to > the demo 
40 input RXE ^"^jSSSir which 
KSA- b'uVwhicf J-Jf-^T 1 * 

45 wllh tne 9 d g ifferentiating - J^jJ J ^ 
input produces a rese ^ hela 

SC oein^od^ 

^?S£J8?B048 -croproce^or 30 

wi5?its standard pin ^SXeTeffeSed 
60 unused pins). S.rnpl.f«t,on ^ ^ detaite 

bV 1 a°s ^Z7J^TsZ^ 9 diodes. A 
is -P^ntedsi.pyby a 4* 
65 4 grid of conductors. The Key ax o 
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section closes a -i*^ 
tors thereat. The Pressor is arran 9^ , 

knoW n ™^XTKl *• pojt 
70 DB0-DB7 ?s used only for input from , .nd 

nnn 'nB3 for indicating states such as. 

LitaWe display device ^ ^ 0^ ^ 
DB7 for generating the s ° u " a switches are 
dialling tone, bus> 'ton .etc. The ^ 
80 used to patch in the eac hae 

associated power-on ^fgg^ 00 p 

to XTAL1 and XTALZ. »"» ■ ; nte rface. 

the ■* «^J* «gi in Figs. 10 

95 and" i havete fol?owing significances: 



LIN 
TXE 
100 RXE 
CLOCK 
SYNC 
CS 
LF 
105 REL 
TEL 
TXEL 
DTX 
DRX 
110 DRXL 



Buffered input from line 
Not transmit enable 
Receive enable 

Crystal input , 
Detected synchronizing signal 

Control slot 

Link frequency clock 

Not receive enable in a link 

Transmit enable in a link 

Transmit enable in selected Jmk 

Data received in control slot 
Data received in link 



f S%tcanTp^Vc e ScK/2 (half clock-rate) 

CLOCK/2 is applied to a counter o _ 
allowed to count wheiV LIN 1 . 
0. and therefore counts during ^any re 
pulse. As already indicated the sync p^ ^ 
120 S(Fig. 2) have a width £»W , 5fts . Dis . 

maximum ™«*}*^£L and the counter 
crimination is therefore easy an Qn 

56 produces a " ^^^Sicates that a 
reaching a count of 7 which mo ? = 

125 pulse has persisted^ fo c putee . A 
R 2" C7 P to provide clearance between the sync 
1 30 by LF provides Cb to aenuw 
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cvimc A bistable circuit 58 provides 

which is copied in the con uoi ■ 

NOR sat. 81. -h* ' °„^ S I a oouwer 62 
,5 Linta salact'on ,s ~*J*~W B LF . Th. 

25 NOR gates 62 l and an [AMD ^^Wnine 
The signal on PI 3 «■ f t half of a 

whether transmission .9 .n*e^n 
link and reception in the second na ^ 

30 rnTan^sile h ^ 

ff JlSdSA transmj thedata £rn*e 
35 microprocessor represent &y ^ 

output of gate 65 ^^ u T in the second 
ftuSflS St ^ An Wd gate 68 is 

40 lected link to pass t ^ a . P ^ e ^s ^terface. 
RXE for demodulation in the mis 65 
If the station is calling, £ 13 > • 9 Qf LF 

d SSKK!=» of the selected 

""The RXE pulses 
50 flop 6g. after it has been «^ 

edge of the output of the [J^^S^m to 
64 and the flip-flop provides the data mp 
the microcomputer. control data as 

The computer thus outputs cent o. 

55 DTX <^Zg££S&?& data as 
link data as a TEL andn recei TDM 
DRXL all in serial format onebit p ^ 
cycle. All data sent in the control » 
fixed format comprising *V%Z!S*Z~ 
60 1 . a one bit space byte 2 a one ^ 

aX?,^ 
65^u7^ 



„^hakP^ All control slot data is 
edgement (l«ndstoke) o Ai^co ^ ^ ^ 

received t S e fZ own address held in the 
by te matches q *« ^ * oproce s8or stores the 
microprocessor tnemic.^ 

JiMta. aa. "<*"• yi ng station will • 

«ar-a3^^ot XL 
croprocessorwh ch f 1Q0 

80 = 0 for 1 1 cycles and DRX - then 

cycles ^P^^^elsaSS constituted by 
sends out the con^l messaa 

the called ^f^p^ using link X''. 

and the immediately with 

85 The called «*»"2J message constituted by 
the acknowledgement message 

the calling station £J ca „ us ing 
and the instruction f™*™^^, sets 
link X" It also setePlOPlz c 
90 P13 = 1 rt«yS2?X ?Th. calling station 
in the first ^SiZmaiit signal by 
responds to the ac kn ow^ d ge pl3 _ 

setting its P10-P1 f c ° rre " ^ , ses in t he 

° an ^rS? A CSirectional link has 
95 second half ot linK a. « analogue, 
thus been set up and 0 ^ pu t 
speech information and I digital oat k 

serially by either ^S^L^Sb analogue 
received by the °n DRXL^Tjn^ ^ 

100 out 
lation. The digital data ' n * , synchro nous 
pulses for 0 bits. Using_ a n or™ * g 
signalling format ^^^^d between 
bit data bytes can * XS^could cause 
105 parties. (A longer nul, J*?25w might see a 
Astern failure .as another party m«g g 
link as free). For Jow date the 
tion from the keypad I 50 ata« jnforrnat ion 
effect on the traru ^£Kta»*»r corre- 
1 10 is very *»'9ht- The w orst ca ^ 

sponds to all 8 date , bits (f ^ „ ? 

an intertuption of only aDou ^ ^ 

bits plus an odd PJ^JJ^ of 10 bits, 
least one bit e g. continuous mc- 

116 For higher date rates . ^ , ue Jn forma- 
dem type applications ; *e ?na » bot it . 
tion might be . more se " 0 "2 Y spe?ch and data 
would be unlikely -then that ^pe^ ^ 
would be required to bettWJJJ^ du , 

through is preamplifier 71 . a muu g 
72 and a filter 73 grvmg the [equw 42 ^ Fig . 
(ion to the analogue i input terminal ^2 ^ 
6. The analogue output tem..na 
130 is connected through a filter 
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,*nh 75 and power amplifier 76 to the 
f W A«Jle?77 The filter 74 is basically a 

5 The filtefcharacteristics can be shaped to 

SSSSScSgsr- 

speech. . Kmties exist for data input /out- 

20 Various SJ^SSSsO shown in 
K "JoTdaviS aquS for high 8 p«d 

DRXU respoctiv.lv so that *? w re . 

by.pas.th. P""»*^ ^issor 

30 bu,,h. high spead data would not havo 

45 bytes has been descnbed allow "JHU 

^ttSStt&ZZ, ha of 

55 and »£S» 

devices into two classes, J?™"* d 
tion units which are *J X* 

speech transfer and MgphjJjMWJ 
together prov.de a shared £ s ™ mmunication 

60 users commumcaW provide en- 



in(orma ,ion to all uaant on »^ " 

mm- 

defined systems (tie l.nes etc). 
One example of a p^nphe«l« atjme ^ 

75 facility ^"^^hls^pheral is con- 

80 a local, accurate t.me* J » hours and 
broadcasts of the «^*7 intervals such as 

r=S5SS=sws= 

c p,ayed ,f Y Note hit no S5v or handshake 
95 in a call. Note that norepy hs 
message is expected fronv the ^«»~ 

n0 o j-g-r - 

•* ,h lcSnt5v?uS."a d oSgt can oa 

, 0 5 «sk?»s 5F "* en 8 rec " ded 

mMSaga for that unrt o»sM- 

.$==SS53sb»- 

sory storage control unit isi a con wo 

^ on nn A telephone answering macni™ 

ss^'? •as? 8 

Sphono answering , rna*™ on - Jj-r^ 



nications unit, le that of the receptionist or a 
Specified Secretary, whol will then pass on 
messages to the appropriate units. 

5 CLAIMS s h gnd dgta commU nication net- 
work comprising a two-wire bus a source of 
synchronizing pulses connected to the dus, 
the puTses marking off TDM cycles comprising 

1 0 Jmerteaved time slots, including a control time 
slot and a plurality of working time slots, a 
Plurality of devices connected to the bus and 
each including a microprocessor capable of 
feeding control data pulses into the control 

1 5 fme s?ot. and of responding to data pulses ,n 
the control time slot, to establish a channel 
between a calling device and a ca led dev ce 
bv selecting a free working time slot, a bus 
interface enabled to transmit or receive a 

20 sampled audio signal in the form of analogue 
modulated pulses in a selected time slot and 
wherein the microprocessor is arranged to 
transmit digital message data by binary modu- 
lation of pulses in a selected time slot and to 

25 receive digital message data as binary modu- 
lated pulses in a selected time slot- 

2 A speech and data communication net- 
work according to claim 1, wherein the analo- 
gue modulated pulses are pulse width modu- 

30 lated. * 

3 A speech and data communication net- 
work according to claim 2, wherein the syn- 
chronising pulse is wider than the widest 
PWM pulse and each device comprises a 

35 digital timer which discriminates synchronis- 
ing pulses as pulses wider than a predeter- 
mined value. . 

4 A speech and data communication net- 
work according to claim 1, wherein the source 

40 of synchronizing pulses also feeds a low level, 
high frequency signal on to the bus and each 
device includes an injection locked oscillator 
and a frequency divider providing local timing 

waveforms. . t 

45 5 A speech and data communication net- 
work according to claim 1 , wherein the micro- 
processor of a calling device is arranged to 
find a free time slot by testing slots in turn 
and treating as free a slot with no pulses 
50 therein in a predetermined number of TDM 
cycles.^ speech gnd datg communication net- 
work according to claim 5, wherein data is 
transmitted as 8-bit bytes framed by a single 
55 start and stop 0-bits, and wherein the predet- 
ermined number is at least 1 1 - 

7 A speech and data communication net- 
work according to claim 1 . wherein all mes- 
sages sent on the control time slot comprise 

60 two words containing the addresses of the 
addressed and addressing devices, followed 
by at least one further word constituting an 
instruction. . 

8 A speech and data communication net 
65 work according to claim 1, wherein the time 



slots other than the control slots are a ssoci- 
ated in pairs constituting links for full duplex 

transmission. . . 

9 A speech and data communication net- 
70 work according to claim 8. wherein the source 
of synchronizing pulses also feeds a low level., 
high frequency signal on to the bus and each 
device includes an injection locked osc I ator 
and a frequency divider providing local timing. 
75 waveforms, and wherein each device com- 
prises a link counter responsive to one ot tne 
local timing waveforms and the microproces- 
sor has a group of pins providing link ad- 
dresses, a pin carrying a bit signifying 
80 whether the device is called or calling and 
decoding circuitry enabling transmission in 
one half, selected by the said bit, of the link 
selected when the link counter state matches 
the link address from the microprocessor and 
85 enabling reception in the other half of the 

selected link. . . _ 

1 0 A speeach and data communication 
network according to claim 9. wherein the 
bus interface comprises a modulator with an 
90 input terminal for a speech signal. an .input 
terminal for pulses provided during the tmie 
that the decoding circuitry enables transmis- 
sion in each TDM cycle in which the micro- 
processor provides a signal commanding 
95 transmission of a pulse, and an output termi- 
nal connected to a shorting switch across the 
bus. and a demodulator with an output term - 
nal for a speech signal and an input .terminal 
coupled to the bus during the time that the 
100 decoding circuitry enables reception. 

Mnted tor Her Majesty* Stanonery uihce 
5\Wa«^V^ fl O d rce U 25To™ a rnp.on BuMings. 
K^WCaMSn^JS* "pies may be obfmed. 



